ABSTRACT Birds (364) of both sexes, 11-wk-old, belonging to 2 native (Brown Nicobari and Ghagus) breeds and 1 exotic breed (Dahlem Red) were evaluated for cell-mediated immune response (CMI) by phytohemagglutinin-P (PHA-P), hemagglutination inhibition (HI) assay against Newcastle disease virus (NDV) antigen (LaSota stock virus), flow cytometric analysis of CD8+ cytotoxic T lymphocytes (CTLs), and hematology and biochemical assays. The cutaneous basophil hypersensitivity response PHA-P% increase in wattle thickness (mm) was highest in Ghagus (431.14 ± 22.56) which differed significantly with that of Brown Nicobari (269.1 ± 22.66) and Dahlem Red (218.42 ± 22.30). Sex-wise observation showed that females are having significantly higher response than males. Hemagglutination inhibition test was performed to determine the serum antibodies against Newcastle disease (ND) virus. Brown Nicobari showed highest HI antibody titer than Ghagus and Dahlem Red to similar vaccination program after booster NDV dose. Flow cytometry assay revealed significantly higher CTLs proliferation in Brown Nicobari than Ghagus and Dahlem Red. Moreover, CTLs were found to be higher in control group than the treatment group. Other hematological parameters (10 3 /μL) significant difference was found in white blood cell count between Dahlem Red (38.41 ± 1.03) with that of Brown Nicobari (35.28 ± 1.04) and Ghagus (34.57 ± 1.04) in treatment groups. Same trend was observed in the Lymphocyte treatment group. However, in Granulocyte treatment group, Brown Nicobari (11.04 ± 0.35) was found to be significantly different from Dahlem Red (8.68 ± 0.34) and Ghagus (9.27 ± 0.35). Correlations between body weight at 11 wk of age and CMI, HI, cytotoxic T cell were −0.093, 0.047, and −0.036, respectively. Egg weight was found to be positively correlated with that of chick weight. Serum biochemical values showed that Dahlem Red was having significantly higher creatinine levels compared to Ghagus. Triglycerides level was also significantly higher in Ghagus compared to Dahlem Red. No significant breed effect was observed for alkaline phosphate, aspartate transaminase, and alanine transaminase. Cholesterol and total serum protein levels were significantly higher in Dahlem Red compared to Brown Nicobari.
INTRODUCTION
Indian native chicken breeds are believed to possess better immunocompetence, disease resistance, and tropical adaptability as compared to the exotic germplasm (Kundu et al., 1999) . Native birds are being used for rural backyard poultry production, and are well known for their tropical adaptability, disease resistance, hardiness, colored plumage, and ability to thrive on meagre feed resource. Because of these characteristics they are gaining attention for conservation and development of location-specific varieties for backyard C 2018 Poultry Science Association Inc. Received October 23, 2017. 1 Corresponding author: yadav.satyapal@gmail.com poultry farming. Nicobari fowl is indigenous brown colored hardy birds of medium size with short legs and endemic of Andaman and Nicobar Islands. This is the highest egg producer among all the indigenous chicken breeds of India (Ahlawat and Chatterjee, 2002) . This breed is comparatively resistant to Newcastle disease (ND) and Marek's disease (Rai and Ahlawat, 1995) . Ghagus is another native breed of India which is a medium size bird with good broodiness character (Haunshi et al., 2015) . Its native tract is located in Kolar district of Karnataka and adjoining border areas of Andhra Pradesh and Karnataka (Vij et al., 2006) . However, the exact data on population and current status is not available in the literature. At present, only Dahlem Red breed is being used for crossbreeding purpose, but Ghagus and Nicobari are yet to be explored for utilization in development of location-specific variety.
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The production and health of the birds are mainly influenced by the genetic makeup of the bird along with nutritional and environmental milieu. With the intensive selective breeding in poultry, remarkable progress has been made in both egg and meat production traits. But this unidirectional selection (either for meat or egg) leads to some undesirable traits like congenital disorders, vulnerability towards many diseases etc. Further, with awareness in the food safety there is a need to reduce the use of antibiotic and other chemicals. Hence, it is desirable to have disease-resistant strains along with better genetic amalgamation for useful traits. Disease resistance/tolerance in poultry and for that matter in any other animal's species is the overall result of a series of interactions of immune mediator proteins with various physiologic and environmental factors. Immune response in animals is a highly coordinated and synchronized process that responds to the infection in a consecutive and coordinated way. Adaptive immunity in birds involves both humoral and cellmediated immune (CMI) responses. Humoral reactions are mainly against extracellular antigens while CMI responses are against intracellular antigens. Like humoral response, CMI response is also compactly regulated and requires T helper cells (Erf, 2004) . Sharma (1999) reported that birds respond to vaccination through humoral as well as cellular immune response. There are several reports which indicated that by measuring chicken interferon released by T cell might be a good indicator of CMI response in the chicken after infection and vaccination (Martin et al., 1994; Breed et al., 1997 Breed et al., , 1999 . The reports available on immunecompetence and growth traits in native and exotic breeds are meagre. Therefore, the aim of the present study was to evaluate the immunocompetence dimensions and their inter-relationship in native and exotic breeds of chicken. It is of paramount importance to ascertain standard values for the various blood and serum biochemical indices. These blood and serum profiles were greatly affected by non-genetic factors viz. age, sex, and genetic factors viz. breed and genotype of the bird which act as an important indicators of bird's health and production performance. It is important to generate the blood profile of the indigenous breeds and its comparison with the exotic breed for precise understanding of health status (Aengwanich and Tanomtong, 2007; Kral and Suchy, 2000) .The study was carried out to ascertain CMI, hemagglutination inhibition (HI), and blood/serum biochemical values, its effect on sex, and breed in chicken.
MATERIALS AND METHODS

Experimental Birds
Random bred pedigreed populations of Brown Nicobari, Ghagus, and Dahlem Red maintained at ICARDirectorate of Poultry Research, Hyderabad, India, were used in this study. Chicks of all the 3 breeds were simultaneously hatched, housed in deep litter system and reared under similar management and healthcare conditions with ad libitum access to food and water. All the groups from 0-8 wk and 9-14 wk of age were provided standard commercial layer chicks and grower having 2817 and 2713 metabolizable energy and 18.02 and 17.99% of crude protein, respectively. The ages of the birds were 11 wk at the time of sampling and the ambient temperature was 30
• C. The experiment was approved by the Institute Animal Ethics committee (IAEC/DPR/16/1)
Experimental Setup
A total of 367 birds from 3 breeds viz., Brown Nicobari (F:55, M:64), Ghagus (F:58; M:60), and Dahlem Red (F:57; M:68), were used. The birds were hatched through random breeding using 20 sires and 80 dams from each breed. All the birds were immunized against Newcastle disease with lentogenic LaSota vaccine through eye drops at 7th d. Each of the 3 breeds were divided into 2 groups, and 1 group received booster dose of ND with live mesogenic R2B vaccine at 9 wk of age (treatment group), and the other groups were kept as unvaccinated control.
Blood Samples Collection
At 11 wk of age, blood samples (n = 367) were collected from wing vein taking aseptic precautions. Blood samples were incubated at 37˚C for 3 h, and then centrifuged at 1,500× g for 20 min. for separation of serum. The serum samples were stored at −20˚C until use. Simultaneously, part of blood sample from each bird was collected in EDTA-coated vials for hematological parameters.
Immunological Traits
Cutaneous Basophil Hypersensitivity Test The cellular immune response was assessed by cutaneous basophilic hypersensitivity test in vivo by using phytohemagglutinin lectin from Phaseolus vulgaris (PHA-P). Birds were injected intra-dermally on the left wattle with 0.1 mg PHA-P in 0.1 mL of PBS (1 mg PHA-P/mL of PBS). The thickness of wattle was measured using thickness gauge (Mitutoyo. . . .place) before injecting mitogen and 24 h after injection. The CMI response was observed by difference in wattle swelling before and after injecting with PHA-P. The study was carried out at the age of 11th wk.
Hemagglutination Inhibition Assay The micro beta HI test on serum samples were carried out. The hemagglutination titer of the Newcastle disease virus (NDV) antigen (LaSota stock virus) was adjusted by dilution to contain 4 units of hemagglutination activity. Hemagglutination inhibition titer was determined as the highest dilution of serum samples that inhibited NDV agglutination of chicken RBCs.
Flow Cytometric Analysis of CD8 + Cytotoxic T Lymphocytes Chicken peripheral whole blood samples were stained with mouse anti-chicken CD8α-PE antibody (Southern Biotech, AL, USA) at a concentration of 0.2 μg for approximately 1 million cells and incubated for 30 min at room temperature. RBC lysis was performed on these samples using BD-FACSLyse solution (BD Biosciences) as per the manufacturer's instructions. BD liquid counting Beads (BD Biosciences) were added to facilitate absolute counts of CD8 positive cells. Samples were analyzed within half an hour after lysis. Acquisition and analysis was performed on BD LSR II flow cytometer fitted with 488 nm solid state laser and collection optics for PE (band pass filter 575/26 nm) using FACS Diva software. Absolute counts were calculated as mentioned in the instruction for use of the beads.
Hematological Traits
Blood and serum samples were collected as described above for hematological count and biochemical analysis. Blood smears were made in clean glass slide from fresh blood, air dried immediately. Total white blood cells (WBCs) were counted manually using hemocytometer, after diluting (1:100) and staining with Natt and Herrick's solution (Natt and Herric, 1952) . The small dark blue staining leukocytes were counted in 4 large squares in the Neubauer-ruled hemactyometer chamber using 400× magnifications. The total WBC per microliter was calculated using the formula total WBC count (TWBC) = total cells counted ÷ 4 (4 large squares) ÷ 0.1 (depth of the chamber) × 100 (dilution rate). Air-dried blood smear was stained with Wright's stain and differential WBC count was calculated in percentage values. The absolute count of each WBC was calculated after multiplying the differential count (%) of that particular cell with TWBC and divided with 100.
Absolute lymphocytes/granulocytes/monocytes count = TWBC × Differential lymphocytes/ granulocytes/monocytes count (%) ÷ 100.
Biochemical Assays
Serum values of the triglyceride, creatinine, total protein, alanine transaminase (ALT), and aspartate transaminase (AST) enzymes and total cholesterol were estimated. The samples were analyzed on Turbo Chem 100 Chemistry Analyzer Model 4601 using kit (CPC diagnostics, India) as per manufacturer's instructions.
Production Traits
Egg weight was recorded at the time of setting the eggs in the incubator. At the time of hatch (0 d), the chicks' body weight was recorded at weekly intervals, and recording was continued up to 14th wk of age by using electronic weighing balance.
Statistical Analysis
The data of cutaneous basophil hypersensitivity test were analyzed using general linear mixed model X = μ+Si+Bj+Yk+Zijk. Similarly, data for HI and CD 8 flow cytometry assay were analyzed by given linear mixed model X = μ+Si+Bj+Yk+Tr+Zijkr. Whereas data for hematology and biochemical assays was analyzed using another general linear model X = μ+Bj+Zj where μ is population mean, Bj (Breed) , Yk (Sex), and Tr (treatment) effects were taken as fixed and Si (Sire) as random effects. Zijk, Zijkr, and Zj are respective random errors. The correlations of body weight at 11 th wk with cytotoxic T cell, CMI, and HI response were determined using Pearson's correlation coefficient (r). Statistical analysis was used using SAS software (version 9.3).
RESULTS AND DISCUSSION
Hemagglutination Inhibition Assay
Newcastle disease is responsible for devastating losses in village poultry as most of these birds are not subjected to routine vaccination. Antibodies induced through humoral immunity are critical for protection against ND (Kapczynski et al., 2013) . Resistance to ND differs due to genetic variation (Albiston and Gorrie, 1942) . In the present study, all the 3 breeds could induce protective levels of antibody titers (HI log 2 titers > 2 4 ). Brown Nicobari breed showed highest HI antibody titer than Ghagus and Dahlem Red, which was similar to the vaccination program after booster NDV dose (Table 2) . Genetic resistance to ND has been observed in various lines within a breed for chickens (Cole and Hutt, 1961; Gordon et al., 1971) and turkey (Tsai et al., 1992) and among breeds of chicken (Hassan et al., 2004) and ducks (Shi et al., 2011) . Interestingly, it is known that there is a negative correlation between a primary antibody response to NDV and favorable production traits including body weight (Lwelamira et al., 2009) , which was observed in the present study also.
Cutaneous Basophil Hypersensitivity Response and CTLs Count
Humoral and cell-mediated immunity are the 2 arms of adaptive immune system. Humoral or antibodymediated immune responses are particularly effective against extracellular antigens, whereas CMI responses are specialized in the elimination of intracellular antigens including viral infected cells and transformed neoplastic cells (Erf, 2004) . PHA-P, a T cell mitogen, induces T cell proliferation at the site of injection (Cheema et al., 2003) . Results showed significant difference (P < 0.05) in the wattle thickness (% increase, after 24 h) across the breeds and sexes. Highest response was recorded in Ghagus breed followed by Brown Nicobari and least in Dahlem Red ( Table 2) . The difference among the breeds might be contributed by difference in T cell blastogenic response and is presumed to be polygenic (Morrow and Abplanalp, 1981) . Sex-wise results showed significant difference in percent increase in wattle thickness in females compared to males (Table 2) . Sire effect (taking sire as random effect) on CMI response percent increase in wattle thickness against PHA-P in different breeds of chicken was found to be non-significant. In contrast to humoral immunity, body weight was reported to be positively associated with PHA-P response (Galal, 2008) . In the present study, however, the Pearson correlation is positive 0.047 between body weight (11th wk at the time of sampling) and humoral immunity. The immune competence of chicken can be measured by various parameters including the PHA-P response, serum antibody titer, and T lymphocyte population. The peripheral blood lymphocyte populations were suggested to be under genetic control (Ewald et al., 1996; Zekarias et al., 2002) , and thus provide an important biomarker for evaluating immunocompetence. The absolute number of T lymphocytes and proportion of T cell subsets are correlated with diseased susceptibility (Zekarias et al., 2002) . The cytotoxic T cells can kill the cells harboring cytosolic pathogens by recognizing foreign peptides that are transported to the cell surface bound to MHC class I molecules. In our experiment, significant higher CD8+ lymphocytes proliferation in Brown Nicobari than Ghagus and Dahlem Red breed was observed, which indicate the existence of higher immune competence, particularly for intracellular pathogens (Table 3) . Interestingly, the group of birds that missed the booster ND vaccine had significantly higher CD8+ lymphocytes. It can be argued that the booster mesogenic ND vaccine being live virus might have undergone regular virus pathogenesis killing significant number of CD8+ lymphocytes in these breeds. Chun-jie et al., (2012) reported that CD8+ T lymphocyte is more prolific in chicken challenged with fowl adenovirus VIII than the control chicken group. However, at 5 to 9 d.p.i., they reported a reverse trend i.e., more in control than in challenged which showed the damage from the first attack by the ND virus. Sex-wise results showed that females (3.78 ± 0.02 × 10 3 /μL) were having high CD8+ CTLs compared to males (3.75 ± .02 × 10 3 /μL), which demonstrates for the first time that the NDV induces response of T lymphocyte in 3 breeds of native (Brown Nicobari and Ghagus) vs. exotic breed (Dahlem Red) of chicken in peripheral blood (Figure 1 ). It can be concluded that an NDV inoculation may have an intense effect on CMI competency of these chicken and understanding the breed-related immunocompetence by quantification of circulating CTL population in native vs. exotic breed of chicken. This has a direct significance for developing breeding strategies as well as fostering health measures of the chicken (Zekarias et al., 2002) .
White blood cells were counted, and significant difference was found in TWBC count between Dahlem Red (38.41 ± 1.03 × 10 3 /μL) with that of Brown Nicobari (35.28 ± 1.04 × 10 3 /μL) and Ghagus (34.57 ± 1.04 × 10 3 /μL) in treatment groups. Same trend was observed in the lymphocytes of treatment group. However, in granulocytes of treatment group, Brown Nicobari (11.04 ± 0.35 × 10 3 /μL) was found to be significantly different from both Dahlem Red (8.68 ± 0.34 × 10 3 /μL) and Ghagus (9.27 ± 0.35 × 10 3 /μL). Similar trend was observed in the control Granulocytes group. Further, it was observed that there was no significant difference between the 3 breeds in control group in WBC, Lymphocytes, and Monocytes same was the trend in Monocytes treatment group (Table 3) . Correlations between body weight at 11 wk of age and CMI, HI, cytotoxic T cell were −0.093, 0.047 and −0.036, respectively.
Egg vs. Chick Weight
There is very scanty information available on the effect of egg size on chick weight in Brown Nicobari, Dahlem Red, and Ghagus chicken breeds. Chick weight is the most commonly used indicator for day-old chick quality evaluation. The fertile eggs based on egg weight were coded into 3 classes as mentioned in Table 1 . It is evident that the higher egg weight leads to higher chick weight (Abiola et al., 2008) . Egg size had a significant (P ≤ 0.05) effect on chick weight. The associated data revealed that egg weight had positive correlation with the chick weight. Higher chick weight (34.39 vs. 29.12 g) was obtained from large egg size (51.0-58.0 g) to small egg size (32.8-41.9 g), and similar trends were observed by many workers (Ulmer-Franco et al. 2010; Rashid et al., 2013) . It may be explained that heavier eggs contained more nutrients than small eggs, and hence, developing embryos will have more nutrients for their growth.
Biochemical Assays
Very meagre information is available on biochemical parameters. Table 4 shows the mean normal serum levels of biochemical parameters for 3 breeds of chicken and breed effect at 11 wk of age. Dahlem Red showed significantly higher creatinine compared to Ghagus. Triglycerides levels were significantly higher in Ghagus compared to Dahlem Red. No significant breed effect was observed for alkaline phosphate, AST, and ALT. Cholesterol and total serum protein was significantly higher in Dahlem Red compared to Brown Nicobari. Table 5 presents the sex effect of serum biochemical levels AST, ALT, and creatinine was observed to be higher in females, while triglycerides, cholesterol, and total serum protein were observed to be higher in males. Although, except ALT, all other parameters showed that sex has no effect on the serum biochemical values in all the 3 breeds of chicken.
Triglyceride
For the breeds under study, no information is available in literature on the normal serum parameters. The triglyceride values in the present study were found to be higher than the values reported by Dong et al. (2015) but lower (190 ± 82 mg/dL) than the values observed by Khaki et al. (2012) in broiler chicken. Generally, the value of triglyceride increases with the age, but in our case the value is lower even in 11-wk-old bird as compared to values reported by Prasad et al. (2009) in 8-wk-old bird (120.32 ± 3.52 md/dL). Cafe et al. (2012) reported that triglycerides level is higher (67.31 md/dL) in younger birds (14 d old) compared to older ones (32.23 mg/dL in 42 d old). Inconsistent report is available on triglycerides level in chicken. Probably, the variation in the parameters is due to different breeds, age, and environment milieu.
Cholesterol
The study showed that there was no significant difference between the 2 sexes in all the 3 breeds of chicken. However, it was observed that the level of cholesterol in Brown Nicobari was 121.29 ± 3.74 mg/dL, which was less and significantly different as compared to that of 139.41 ± 3.68 mg/dL in Dahlem Red and 135.98 ± 4.12 mg/dL in Ghagus. There was no significant difference observed between Dahlem Red and Ghagus. In different studies, it was observed that the cholesterol levels ranged between 128.1 ± 5.33 and 151.8 ± 6.58 mg/dL depending on the age of the chicks (Alkhalf et al., 2010) . As the age of the chicks increased from 1 to 6 wk, the cholesterol levels decreased and were very close to the levels found in Nicobari breed. No definite trend was observed in relation to the age and the blood cholesterol levels. When the broiler chicks were 28 d of age, the cholesterol level was found to be 169 mg/dL (Amir et al., 2015) , and in White mini broilers the free cholesterol level in blood was found to be 58.34 mg/g .
Creatinine
In present study, the level of creatinine ranges between 0.392 mg/dL (Ghagus) to 0.432 mg/dL (Dahlem Red) at 11 wk of age. The catabolite is mainly a byproduct of muscle activity and increased muscle activity leads to increased level of creatinine in the blood. In our study, although there is no significant difference 
Total Protein
Total serum protein is significantly higher in Dahlem Red compared to Brown Nicobari (3.35 ± 0.11). There was considerable variation observed in the total protein concentration. There was significant difference in black (4.81 ± 0.17 g/dL) and white (6.38 ± 0.23 g/dL) turkey breeds at 12th wk of age. The sex effect is not significant, but it is slightly higher in males (5.66 ± 0.58 g/dL) than females (5.53 ± 0.63 g/dL) as in our case in males (3.65 ± 0.08 g/dL) and in females (3.47 ± 0.09 g/dL) which was reported by Ogundu Uduak et al. (2013) . Silva et al. (2007) reported that the serum value of Hybro-PG Broilers at 6 wk of age is 3.23 ± 0.23 g/dL. The concentration of total protein was different between the native Egyptian breeds (5.16 and 5.59 g/dL for Dandarawi and Dokki, respectively) at 36 wk old (Hassan et al., 2008) . Bahman et al., (2011) reported that at 6 wk of age Thai indigenous chicken females are having higher (5.22 ± 0.46 g/dL) levels than in males (3.87 ± 0.70 g/dL).
Alanine Transaminase and AST
At 11 wk of age, the ALT (IU/L) was significantly higher in females (32.34 ± 1.28 IU/L) compared to males (28.67 ± 1.15 IU/L). However, the breed effect was not found to be significant and Brown Nicobari is having least (29.294 ± 1.46 IU/L) among the 3 breeds.
Likewise, breed-wise as well as sex-wise AST (IU/L) levels were found to be non-significant, but ALT and AST levels were found to be lowest in Brown Nicobari (213.102 ± 5.45 IU/L). Serum or plasma cholesterol of birds is strongly influenced by genotype, nutrition, age, sex, and environmental conditions (Sturkie, 1986) . Sexwise biochemical profile was done in chicken, where it was observed that ALT was 7.80 ± 1.62 IU/L in males and 7.20 ± 1.47 IU/L in females in adult chicken, and AST levels were found to be 191 ± .89 and 125.20 ± 11.7 IU/L in males and females, respectively. The serum biochemical values of turkey (Meleagridis gallopova) at 6th and 12th wk of age AST and ALT means were 74.87 ± 1.87 and 17.86 ± 1.33 IU/L, respectively, where sex wise, there was no significant (P > 0.05) effect as observed by Ogundu Uduak et al. (2013) . Aspartate transaminase was analyzed at 21, 35, and 42-d-old broilers in blood serum and was found to be 173. 19 ± 17.84, 228.95 ± 49.66, and 272.94 ± 53 .38 IU/L, respectively (Silva et al., 2007) . Blood serum profile in broilers exhibited ALT level to be 53.67 ± 0.36 IU/L and AST level to be 176.53 ± 3.91 IU/L (Elsayed et al., 2014) . Effect of sex was observed on serum ALT and AST in turkeys. It was found that ALT level was 30.78 ± 1.63 IU/L in males and 27.89 ± 1.63 IU/L in females. Further, the level of AST was 28.22 ± 2.80 IU/L in males and 29.77 ± nnnnn 2.80 IU/L in females (Ibrahim et al., 2012) .
CONCLUSION
The paper deals with the humoral and cell-mediated response and blood biochemical profile of the native (Brown Nicobari and Ghagus) vs. exotic (Dahlem Red) chicken breeds. The cutaneous basophil hypersensitivity response against PHA-P was observed to be higher in native chicken breeds compared to exotic. However, HI assay against NDV antigen (LaSota stock virus) was found to be highest HI antibody titer in Brown Nicobari followed by Ghagus and Dahlem Red. CTLs proliferation was higher in native chicken compared to exotic. Moreover, CTLs are higher in control group than the treatment group. WBC and Lymphocyte count was significantly higher in Dahlem Red compared to Brown Nicobari and Ghagus. However, granulocytes were significantly higher in Brown Nicobari as compared to other 2 breeds both in control and treatment groups. Egg weight was found to be positively correlated with that of chick weight. Serum biochemical values showed Dahlem Red having significantly higher creatinine levels compared to Ghagus. Triglycerides level was significantly higher in Ghagus compared to Dahlem Red. No significant breed effect was observed for alkaline phosphate, AST, and ALT. Cholesterol and total serum protein was observed to be significantly higher in Dahlem Red compared to Brown Nicobari.
